This study aims to determine if a short duration of sexual relationship is more common among women who experience adverse pregnancy outcomes including gestational hypertension (GHT), preeclampsia, small for gestational age (SGA) pregnancies and spontaneous preterm birth (sPTB) with or without abnormal uterine artery Doppler compared to women who have uncomplicated pregnancies. 5591 nulliparous women from the Screening for Pregnancy Endpoints (SCOPE) study were included. The risk for pregnancy complications for women who had a duration of sexual relationship of ≤3 months, 4-6 months, 7-9 months, 10-12 months was compared with women who had a duration of sexual relationship of > 12 months. Uterine artery Doppler was performed at 20 ± 1 weeks' gestation. A short duration of sexual relationship (≤ 3 months) was more common among women with SGA in the presence of abnormal uterine artery Doppler [9.8% vs 3.0%, aOR (95% CI) 3.4 (1.6-7.08] compared to women who had uncomplicated pregnancies. A short duration of sexual relationship (≤ 3 months) was also more common among women who had abnormal uterine artery Doppler compared to those with normal uterine artery Doppler [6.1% vs 3.1%, aOR (95% CI) = 2.1 (1.4-3.2)]. A short duration of sexual relationship was not associated with preeclampsia after adjusting for confounders. A short duration of sexual relationship is more common among women who deliver SGA infants with features of placental insufficiency as indicated by abnormal uterine artery Doppler.
Reproductive Immunology".
The duration of exposure to paternal antigens in seminal fluid is known to induce maternal tolerance to the allogenic fetus and facilitate successful placentation. We aimed to determine if women with pregnancy outcomes including gestational hypertension (GHT), preeclampsia, small for gestational age (SGA) pregnancies and spontaneous preterm birth (sPTB) with or without abnormal uterine artery Doppler flow velocity waveforms at 20 weeks' gestation are more likely to have had a shorter duration of sexual relationship than those with uncomplicated pregnancies in this large SCOPE pregnancy cohort (n = 5591).
Our study demonstrates that compared with women who have uncomplicated pregnancies, a short duration of sexual relationship is more common among women who deliver SGA infants with features of placental insufficiency as indicated by abnormal uterine artery Doppler studies.
This manuscript has not previously been published and is not under review by any other journal. All authors meet the requirements for authorship as outlined in the "Journal of Reproductive Immunology".
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Authors' response to reviewers
We thank the reviewers for their positive and constructive comments. We have made the suggested changes and believe it has made a substantial improvement to the manuscript and in particular made the story more complete. All changes are highlighted in the revised manuscript.
Comments from the editors and reviewers: Reviewer 2
The authors have improved the manuscript by correcting misleading statements and providing further study documentation. Below are my remaining comments/suggestions in response to the author's responses:
Overall Point #1: While some women using barrier contraception may have been exposed to sperm for one week of the month during the "safe period"-these women were not exposed 75% of the time. This explanation does not justify the decision to not control for this variable given the established association of barrier contraception with risk of preeclampsia. Furthermore, as Kho et al. controlled for this variable and the present study findings for preeclampsia do not agree those found by Kho et al., this variable should be included in the present analysis.
We have now corrected all results for use of barrier contraception as suggested by the reviewer.
Methods Point #2: "
How is short duration of sexual cohabitation defined?" The author did not respond to this question. One might assume that sexual cohabitation of more than 12 months is not short (but of course this depends on the fertility goals and use of contraception). My point here is that if the author's stated objective is to "…determine the threshold of sufficient length of sexual cohabitation that would reduce risk for pregnancy complications", their current analysis using dichotomous categorizations of length of sexual cohabitation does not allow for identification of a threshold. I suggest that the author set up the analysis with a common referent group (e.g., >12 months of sexual cohabitation) and use finer categorizations of sexual cohabitation (e.g., 0-3 months, 4-6 months, 6-9 months, 10-12 months) to identify the duration of sexual cohabitation at which there is no further increased risk of the study outcomes relative to women with sexual cohabitation of >12 months. This analysis will provide results that are more informative and of greater interest to readers than those that are possible with their current analysis.
We have now re analysed all results as suggested by the reviewer. All results are presented with the >12 months group as the reference. The revised tables are highlighted. Methods Point #3: 3. "Analysis of a dose-response relationship between duration of sexual cohabitation and pregnancy outcomes could strengthen the author's thesis that shorter cohabitation is associated with increasing risk of preeclampsia and the other outcomes. Such an analysis is certainly indicated." I commend the author for modeling the continuous association of months of sexual cohabitation with risk of preeclampsia, which clearly shows that risk decreases as duration of cohabitation increases. While the categorical analysis suggested above is less sophisticated, it addresses the author's goal of identifying the trend in risk of adverse pregnancy outcomes associated with increasing duration of sexual cohabitation.
We agree with the reviewer and have included these plots in figures 2 and 3 of the revised manuscript Methods Page 7, line 162: Delete the words "increase in risk in preeclampsia". There was no significant increased risk of preeclampsia found in current analysis.
We apologise for this error and have now corrected this statement in the revised manuscript.
Discussion Point #3: This point relates to limitations.
As noted above, the author's explanation for not adjusting for use of barrier contraception is not convincing because it appears the author has access to data on non-barrier contraception use among barrier contraception users. If so, a variable could be constructed to reflect the extent of barrier contraception use. Of concern, the Kho analysis of preeclampsia showed a much stronger association of duration of cohabitation with risk of preeclampsia and use of barrier contraception appears to be one of the only variables from the prior paper not considered in the current paper.
We have now corrected all results for use of barrier contraception.
Discrepant findings between Kho et al and current paper:
It is incumbent on the author to discuss possible reasons for why the preeclampsia findings in the present analysis are different from those published previously. It seems unlikely that the study population differed greatly between the time frames of the two analyses.
We have revised the discussion as requested. Pages 10-11, lines 253 -263. birth (sPTB) with or without abnormal uterine artery Doppler compared to women who have 35 uncomplicated pregnancies. 5591 nulliparous women from the Screening for Pregnancy 36 Endpoints (SCOPE) study were included. The risk for pregnancy complications for women 37 who had a duration of sexual relationship of ≤3 months, 4-6 months, 7-9 months, 10-12 months 38 was compared with women who had a duration of sexual relationship of > 12 months. Uterine without the maternal preeclamptic syndrome (Redman et al., 1999 , Huppertz, 2015 . Repeated 65 exposure to semen from the biological father of the baby over a prolonged time leads to 66 development of maternal mucosal tolerance to these paternal antigens (Robertson et al., 2003 , 67 Robertson et al., 2002 . that the duration of sexual cohabitation before conception was inversely related to the incidence 72 of preeclampsia (Robillard et al., 1994 , Einarsson et al., 2003 , Saftlas et al., 2014 but refuted 73 by another (Ness et al., 2004) . We previously investigated the association between the duration 74 of sexual relationship and its effects on gestational hypertension (GHT), preeclampsia and 75 small for gestational age (SGA) pregnancies in a subset of the SCOPE (Screening fOr 76 Pregnancy Endpoints study) cohort and found that a short duration of sexual relationship was 77 more common among women who developed preeclampsia as well as among those women in 78 the subgroup with SGA and abnormal uterine artery Doppler (Kho et al., 2009) . In this study, 79 we aim to investigate the above association in the entire SCOPE cohort and also that between 80 a short duration of sexual relationship and other adverse pregnancy outcomes potentially 81 associated with abnormal placentation namely spontaneous preterm birth (sPTB). Abnormal 82 uterine artery Doppler waveform is a surrogate marker of impaired utero-placental perfusion.
Therefore, we also aimed to investigate the association between a short duration of sexual 84 relationship and abnormal uterine artery Doppler at 20 ± 1 weeks' gestation. 85 86
MATERIALS AND METHODS
87
The participants of this study were women who were recruited to the SCOPE study between percentile at 20 ± 1 weeks' gestation. Spontaneous preterm birth (sPTB) was defined as 146 spontaneous preterm labour or preterm premature rupture of membranes resulting in a preterm 147 birth at <37 weeks. Uncomplicated pregnancy was defined as a pregnancy with no antenatal 148 medical or obstetric complications and resulting in the delivery of an appropriately grown, 149 healthy baby at ≥ 37 weeks' of gestation.
150
Statistical analyses were performed using R version 3.3.1 (cran.r-project.org). The data for 151 each pregnancy complication (preeclampsia, preeclampsia 
RESULTS
168
Of the 5690 pregnant women recruited, 5591 were eligible for this study (figure 1). Amongst 169 these 5591, 3334 (59.6%) had uncomplicated pregnancies, 470 (8.4%) had gestational 170 hypertension, 277 (4.9%) had preeclampsia, 628 (11.2%) had SGA infants, 234 (4.2%) had 171 sPTB, 904 (16.2%) had other medical or obstetric complications including 173 (3.1%) with 172 gestational diabetes mellitus (GDM). Of the 2257 women who had complicated pregnancies, 173 241 (10.7%) had more than one complication during pregnancy (figure1).
174
The characteristics of the participants according to pregnancy outcome are shown in table 1. A 175 short duration of sexual relationship (≤3 months and 4-6 months) was more common among 176 women who developed preeclampsia compared to those with uncomplicated pregnancies (≤ 3 177 months, 4.7% vs 3.0% and 4-66 months 6.5% vs 3.8%, table 2) but after adjusting for 178 confounders a short duration of sexual relationship was not significantly associated with 179 preeclampsia (table 2). A short duration of sexual relationship was also not significantly 180 associated with preeclampsia in the group of women who had abnormal uterine artery Doppler 181 at 20 ± 1 weeks' (table2). A short duration of sexual relationship (≤3 months and 4-6 months) 182 was more common among women who had SGA infants compared to those with uncomplicated pregnancies (≤ 3 months, 4.7% vs 3.0% and 4-6 months 5.4% vs 3.8%, table 3) but after 184 adjusting for confounders a short duration of sexual relationship was not significantly 185 associated with SGA (table 3) . A short duration of sexual relationship was more common 186 among women who had SGA infants and also had an abnormal uterine artery Doppler at 20 ± 187 1 weeks' compared to those who had uncomplicated pregnancies (9.8% vs 3% for ≤ 3 months 188 and 5.4% vs 3.8% for 4-6 months; artery Doppler RI at 20 ± 1 weeks' is more common among women who have a short duration 205 of sexual relationship.
206
In our previous study, we demonstrated for the first time that a short duration of sexual 207 relationship (≤ 6 months) was associated with increased risk for SGA (Kho et al., 2009). 208 Although this association was evident on univariate analysis, the effect was not significant after 209 adjusting for potential confounding factors (Kho et al., 2009 ). We found similar results for our 210 analyses on the groups of women with a duration of sexual relationship ≤ 3 months and 4-6 211 months. In addition, in the previous study, the association between short duration of sexual , 1986 , Leonard et al., 2006 , Robertson et al., 2002 . In our present study, we also 224 assessed the relationship between a short duration of sexual relationship and abnormal uterine 225 artery Doppler studies. We found that a short duration of sexual relationship (≤ 3 months) 226 increases the risk of abnormal uterine artery Doppler at 20 ± 1 weeks' suggesting a possible 227 mechanistic pathway for the association between a short duration of sexual relationship and 228 the SGA subgroup with abnormal uterine artery Doppler.
229
In our present study, a short duration of sexual relationship was not associated with 230 preeclampsia after adjusting for confounding factors. Previous studies on the relationship 231 between a short duration of sexual relationship and preeclampsia have reported mixed results.
232
Our previous findings from the Adelaide and Auckland cohort of the SCOPE study which 233 included 2507 women (Kho et al., 2009) and studies from France (n = 1011), Spain (n =339) 234 and USA (n = 440) all demonstrated an inverse association between the duration of sexual 235 relationship and the risk of preeclampsia (Robillard et al., 1994 , Einarsson et al., 2003 . 236 However, a previous prospective study of 2211 women of mixed parity from USA reported 237 that "time to conception" was not associated with the risk of preeclampsia (Ness et al., 2004) . pregnancies and the inter-pregnancy interval that influence subsequent pregnancies was not 242 addressed in the Ness et al study (Lie et al., 1998 , Skjaerven et al., 2002 . The protective effect 243 of a lengthy sexual relationship on preeclampsia has been partly explained by the theory of 244 "maternal mucosal tolerance to paternal antigens" (Robertson et al., 2003) . Deposition of 245 semen in the female genital tract induces a cascade of events that result in a classic 246 inflammatory response. Transforming growth factor beta (TGFβ), a cytokine present in 247 abundance in seminal plasma, initiates this inflammatory response by stimulating the synthesis 248 of pro-inflammatory cytokines and chemokines in uterine tissues (Robertson et al., 2003) .
249
TGFβ elicits strong type 2 and Th3 immune responses towards antigens present in semen 250 (Robertson et al., 2002) . Repeated sexual intercourse with sustained antigen exposure in an 251 environment mediated by TGFβ is proposed to be essential in the partner-specific mucosal 252 tolerance (Robertson et al., 2002) . The different results observed in the many studies could be 253 due to the different phenotypes of preeclampsia. The difference between our previous findings 254 on a subset of SCOPE women and our current findings on the entire SCOPE cohort may be 255 due to the inclusion of a larger number of women with "maternal preeclampsia" phenotype in 256 the current study. This type of preeclampsia, first proposed by Redman and Sargent (Redman 257 and Sargent, 2003) is a phenotype of preeclampsia that is not linked to impaired spiral artery remodelling. These women were also diagnosed at term (>37 weeks' gestation) or late preterm 259 (34-37 weeks' gestation. Our group of preeclamptic women who also had abnormal uterine 260 artery Doppler also had a shorter duration of sexual relationship but insufficient power may 261 explain the lack of statistical significance. The fact that the majority of preeclamptic women 262 did not have an abnormal uterine artery Doppler also demonstrates that the majority of women 263 in our cohort had the "maternal preeclampsia, i.e. the phenotype of preeclampsia not associated 264 with reduced remodelling of the spiral arteries by invading cytotrophoblast. 265 We did not see a significant association between a short duration of sexual relationship and 266 either gestational hypertension or spontaneous preterm birth. Although our large prospective 267 cohort study demonstrates that a short duration of sexual relationship is a risk for SGA 268 pregnancies and the SGA subgroup with abnormal uterine artery Doppler, our study has 269 inherent limitations that are unavoidable in studies that investigate semen exposure in the pre- OR (95% CI) are for predicted probability of abnormal Uterine artery Doppler for every 12 months increase in the duration of sexual relationship  A short sexual relationship is common in women who have abnormal uterine artery Doppler  It is also common in the above group who also deliver SGA infants  A short sexual relationship appears to be more common in women who have placental 
